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Table 2-1. The average of parity and body weight of dams 
at the start of the trial
Body weight of dams
(kg)
Parity
(times)
TraitsYear
610.0
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5.0
? 0.0
PR1991
637.0
? 23.7
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T?O
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Fig. 2-1. Changes in body weight of dams during trial period.  The vertical axis shows the 
rate of increase of the body weight.  When the trial started (0), the rate is 100%.
Fig. 2-2. Changes in backfat thickness of dams during trial period.
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Fig. 2-3. Changes in contents of glucose and protein in blood of dams before and after calving.
Fig. 2-4. Changes in digestibility and daily intake of grass in dams during trial periods.
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Fig. 2-5. Changes in the ratio of TDN and DCP intake to requirement in dams 
during trial period.  The grar dotted lines (--------------) correspond to 
the TDN and DCP requirement (100%).
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AI services
(times)
Intervals to conception
(days)
Intervals to estrus
(days)
TraitsYear
2.0
? 0.0
81.0
? 30.3
46.3
? 6.0
PR1991
2.5
? 0.5
95.0
? 39.6
52.7
? 8.5
T?O
1.0
? 0.0
54.0
? 12.1
42.7
? 2.9
PR1992
1.0
? 0.0
49.0
? 4.6
30.0
? 3.0
T?O
Means
? SD
Cannon circumferencePin bone widthThurl widthHip widthRump lengthHip heighChest width
9.6? 0.19.8? 0.618.9  ? 0.816.5? 2.121.6? 0.675.3 ? 1.415.1? 0.1
9.4? 1.49.5? 1.817.9  ? 2.415.3? 2.020.9? 1.372.6 ? 1.314.4? 3.5
14.9? 0.623.3? 0.435.6  ? 0.933.2? 2.042.4? 4.3109.1*? 2.433.2? 0.9
13.8? 1.120.6? 2.133.0  ? 2.635.1? 3.537.3? 1.8104.8*? 0.930.4? 2.0
11.4? 0.610.2? 1.220.0**? 0.216.9? 1.221.6? 1.473.2 ? 7.014.5? 0.5
10.3? 0.410.2? 0.518.8**? 0.415.6? 0.421.4? 1.372.9 ? 2.214.9? 1.5
16.5? 0.922.9? 0.837.6* ? 0.633.6? 0.741.9? 1.0113. 6 ? 3.832.7? 0.6
15.3? 0.721.8? 0.135.2* ? 1.032.9? 1.140.2? 1.2110.1 ? 2.331.9? 0.7
  *: P? 0.05, **: P? 0.01
Table 2-3. Growth of the calves
Chest depthChest girthBody lengthWithers heightWeightTrial groupYear
1991
At birth
31.6? 5.675.4? 2.160.4? 4.571.1? 1.735.4? 2.7 PR
28.0? 1.474.6? 5.763.1? 2.568.1? 3.631.2? 8.2 T?O
1991
At weaning
(6 months)
49.6? 0.9141.5? 2.1113.8? 4.9104.5? 0.9221.8*? 6.2 PR
48.3? 1.9136.5? 7.5107.3? 4.7102.1? 1.4187.6*? 2.9 T?O
1992
At birth
28.3? 0.877.9*? 1.763.1? 6.671.4? 4.436.1? 2.4 PR
27.0? 1.074.6*? 0.562.0? 3.071.0? 2.632.8? 2.0 T?O
1992
At weaning
(6 months)
50.8? 1.2142.3? 2.3120.4? 3.1108.3? 2.2249.1? 10.1PR
50.4? 1.3140.7? 3.1115.4? 1.9105.2? 4.1221.2? 6.2 T?O
?????????????????????????
?????????????????????????
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?6???????
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??????????????????? 10????
???????1991????????????????
PR?? 12.2kg?T?O?? 11.1kg????PR????
?????????P<0.05??????1992??????
?????? PR?? 11.1kg?T?O?? 11.3kg????
??????????????????????????
1991????? PR?? T?O??????????1992
????????????? ??????????
Fig. 2-6. Daily gain of the calves.
Fig. 2-7. Changes in daily milk yields which were suckled by the calf.
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Morning termNight termEvening term
AverageAfter
suckling
Before
sucklingAverage
After
suckling
Before
sucklingAverage
After
Suckling
Before
suckling
Dams with single calves:
4.36.901.694.86.682.874.06.361.52
? 0.8? 1.50? 0.88? 0.9? 1.64? 0.97? 1.0? 1.72? 1.14Milk fat
3.13.053.243.23.133.233.23.143.32
? 0.3? 0.41? 0.23? 0.3? 0.31? 0.27? 0.2? 0.29? 0.25Milk protein
4.34.134.414.24.174.234.34.174.44
? 0.4? 0.32? 0.52? 0.4? 0.43? 0.54? 0.3? 0.30? 0.46Lactose
8.48.138.648.48.298.458.58.328.75
? 0.4? 0.36? 0.62? 0.5? 0.47? 0.64? 0.4? 0.40? 0.53SNF
12.715.0010.3213.115.0011.2112.514.6410.26
? 0.9? 1.48? 0.81? 1.1? 1.71? 1.00? 1.0? 1.63? 1.14Total solids
Dams with twin calves:
4.68.111.174.97.362.504.17.350.82
? 1.0? 2.50? 0.45? 1.1? 1.92? 0.60? 0.8? 1.85? 0.54Milk fat
3.12.903.263.23.013.313.23.013.38
? 0.4? 0.37? 0.40? 0.3? 0.30? 0.32? 0.3? 0.30? 0.35Milk protein
4.64.304.794.54.374.594.64.374.85
? 0.2? 0.21? 0.20? 0.2? 0.22? 0.26? 0.2? 0.25? 0.24Lactose
8.68.199.028.68.298.898.88.369.20
? 0.5? 0.50? 0.44? 0.3? 0.53? 0.27? 0.4? 0.39? 0.41SNF
12.915.7710.0213.514.7111.3712.915.7110.01
? 1.9? 2.18? 1.22? 1.3? 2.08? 0.72? 1.0? 1.93? 0.69Total solids
Fig. 2-8. Changes in daily milk yeild and milk composition during 26 weeks after calving.  [A]: dams with 
single calves,  [B]: dams with twin calves,  : milk yield,  : fat,   : protein,  : 
lactose, ??? : SNF,   : total solids.
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Total solidsSNFLactoseMilk proteinMilk fat
Dams with single calves:
12.78.4a4.23.24.3c
? 0.8? 0.4? 0.4? 0.2? 0.7Daily average
12.58.54.33.24.0Average of before and after
? 1.0? 0.4? 0.3? 0.2? 1.0suckling in evening term
11.98.44.33.03.6Evening
? 1.5? 1.1? 0.9? 0.5? 0.8handmilking
Dams with twin calves:
13.48.9b4.73.24.6d
? 1.6? 0.7? 0.4? 0.4? 0.9Daily average
12.98.84.63.24.1Average of before and after
? 1.0? 0.4? 0.2? 0.3? 0.8suckling in evening term
12.28.94.73.13.3Evening
? 0.9? 0.5? 0.2? 0.4? 0.7handmilking
a,b Values within a column with diffrent supercripts are significantly (p<0.01)
c,d Values within a column with diffrent supercripts are significantly (p<0.05)
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????? 7?? 3????????????????
??????1999???????????????2000??
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?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????? 110??????????
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??????????????????????????
?????????
?1996?? 1997?????????????? 17???
??? 7.6???????????? 10??1996? 5??
1997? 5?????????????????????
????? 7??1996? 5??1997? 2???????
????????????????????????
????????????????????? 1???
????????4??? 11????????????
???????? 1.8ha??????????????
??????????????????????????
?????????????????????????
?DCP15??TDN75?????????????????
???????? 09:00? 16:00???????????
?????????????????????????
?????????????????? 1? 2kg???
?????????????????????CP12? , 
TDN70?????????? 16:00?? 09:00?????
?????????????????????????
????????????????????????
?????????????????????????
???????? 6?????????
????? 2?4?8?12?16?21??? 26??? 1? 2
? 2?????????????1990????????
????????????? 1???????????
????????????????1989???????
??????????????? 12? 13??????
????????? 10cm???????????Super 
Eye SSD-500, Aloka Co. Ltd.?????????
??????????SAS????????PROC GLM?
??? t?????????????1995??
????????????? ??????????
?????????
?1???????????????C????5.8?6.4kg?
??????NC???? 5.2? 7.2kg???????21-
26?????????????????????? 3-1
???????????????????????? 1?
????? 1???? 6.1kg??????? 1????
12.2kg???????? 6.6kg?? 13.2kg????????
??????1993?????????????????
?????15.9kg?????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
????????????????????????
?2000??????????? 50kg??75kg??100kg
??125kg?????? 1.0kg????????????
??????
?????????????????????????
???????? 6?????????????? 70kg
???????????? 120kg??????????
???????????? 3-1????????????
?????????????????????????
?????? 3-2???
?????????????????????????
?????????????????????????
?????????????????????????
???????????TDN????????????
???????????1979b??????????TDN
??????????????????? TDN???
????TDN???????????????????
???????????????????????1979?
????1979a???????????????????
?????????????????????????
?????????????????????????
????????????1987????????????
?????????????????????????
?????????????????????????
???????????? 1.5kg??????????
?????????????????????????
??????????????????? ??
Fig. 3-2. Changes in Body Condition Score and thickness 
of backfat in dams.
 BCS:  Body  condition  score,  FAT:  Thickness  of  backfat. 
C (n=10), NC (n=7): See footnotes of Fig.3-1.
Fig. 3-1. Changes in body weight of dams (ratio to the 
weight at parturition).
 C: Calves were fed concentrated feeds, and dams were 
not fed, NC: Calves were not fed concentrated feeds, and 
dams were fed.
??????????? ???????????????????????????????????????????????????
?Ages of calves (week)
Trait
?21-2616-2112-168-124-82-4
kg/head/day5.8±2.05.8±1.66.0±0.96.3±1.06.4±0.96.2±0.8C
(n=10)(n=10)(n=10)(n=20)(n=20)(n=20)
5.2±1.06.9±0.57.0±1.16.6±1.27.2±1.56.7±0.9NC
(n=4)(n=4)(n=4)(n=14)(n=14)(n=14)
Values are mean ± standard deviation (SD).
C : Calves were fed concentrated feeds, NC: Calves were not fed concentrated feeds.
????????BCS???????????????
???????Grummer??1995??????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????
?????????????????????????
?????????????????????????
??????????? 1.0kg???????????
?????????????????????????
?????????????????????????
???????????????????????
?????
?????????????????????????
?????????????1996??? 1997????
???? 17????????????????????
???????? 1????????????????
?????????????????????????
??????????????????????????
?????????????????????? 10??
?????????????????????????
??????????????????????? 7?
???? 09:00? 16:00????????????? 1?
2kg???????????????????????
?? 10.4? 14.4kg???1???? 5.2? 7.2kg?????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????
??????????????????????
?????
??????
??????????????????????????
????????????????????????
1999???????????????2000???????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????? 
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????????????
1.0kg??????????????????????
?????????????????????????
?????????
?????????????????????????
??????????????????????????
?????????????????????????
????????
?????????
????????????? 10??1996? 5??1997
? 5????????????????????????
?? 7??1996? 5??1997? 2??????????
?????????????????????????
?????????? 34??????????????
???????? 34?? 18????????16???
?????????????????????????
?????????????????????????
???????1996?? 3??????1997?? 6??
????????????
????? 2?4?8?12?16?21??? 26??? 1? 2
? 2?????????????1990????????
?????????????????????????
?????????????????????????
?????????????????????????
0-4, 4-8, 8-12, 12-16, 16-21,??? 21-26?????????
?????????????????????????
????????????????0-4???????
?????????????????????????
?????????????????????????
??????????1967?????????????
???? 3?????? 6????????
???????????????? 06:00? 18:00???
?????????????????????????
?????????????????????????
1996?? 9? 30???? 56????10? 23???? 79
????11? 14???? 101?????1997?? 9? 9?
??? 109???? 10? 16???? 136????????
????????????? ??????????
??????? SAS????????PROC GLM???
? t?????????????1995??
?????????
????????????????????? 28.2kg?
3????? 94.7kg?6???? 148.8kg???????
???????? 26.9kg?3???? 91.5kg?6????
139.7kg??????????????????????
?????? 3-2???
????????????0-4???????????
?????P<0.05?????????????????
??????????????? 3-3???
?????????????? 3??????????
????????6????????????????
????????????????? 6???????
??????????P<0.05????????? 3-4???
????????????0-4???????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????? 21??????????????????
???????????4?????????????
?????????????????????????
?????????????????????????
???????????????????????
?? 3-3????????06:00? 18:00????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????1996??1997?? 2???????????
??????????????????? ??
??????????? ?????????????????????????????????????????????????????????????????????????????
Heart girthRump lengthThurl widthChest depthChest widthBody lengthWither hightPart
NCCNCCNCCNCCNCCNCCNCCTrait
cm68.269.019.819.816.817.025.024.913.613.660.357.265.066.1
At birth
? 4.4? 2.8? 1.4? 1.0? 1.0? 1.2? 1.4? 1.6? 1.4? 1.6? 5.0? 8.9? 2.3? 2.5
102.9105.029.629.925.826.238.739.120.521.585.586.186.485.5
3 months
? 4.0? 5.2? 1.6? 1.3? 1.3? 1.6? 1.2? 1.9? 2.1? 1.9? 4.3? 5.0? 2.5? 2.9
120.3b126.8a34.334.630.631.145.046.627.428.4100.5102.796.697.3
6 months
? 6.1? 3.8? 1.3? 1.0? 1.3? 2.1? 1.4? 1.4? 2.8? 2.1? 5.1? 5.6? 1.5? 3.2
Values are mean ±SD
C, NC : See footnotes of table 3-2.
 
a,b
 Values with different superscripts in the same row differ significantly (P<0.05).
At birth and 3 month, n=20(C) and n=14(NC) and at 6 month, n=10(C) and n=4(NC)
??????????? ????????????????????????????????????????????????????????????????????????
?(week)21-2616-2112-168-124-80-4Group
?kg/day0.730.730.75a0.730.650.80%aC
? 0.23? 0.13? 0.11? 0.16? 0.19? 0.09
?(n=10)(n=10)(n=10)(n=20)(n=20)(n=20)
0.720.570.45b0.610.560.94%bNC
? 0.22? 0.24? 0.26? 0.20? 0.21? 0.22
(n=4)(n=4)(n=4)(n=14)(n=14)(n=14)
Values are mean ± SD
C, NC : See footnotes of table 3-2.
 
a,b
 Means in a column with different superscripts differ(P<0.05).
 
%
 Corrected by sex adjustment
??????????? ????????????????????????????????????
Age of calves
Trait 180day90dayAt birth
Kg148.8±19.394.7±10.628.2±3.9C
(n=10)(n=20)(n=20)
139.7±22.691.5±9.926.9±4.1NC
(n=4)(n=14)(n=14)
Values are mean ± SD
C: Calves were fed concentrated feeds, 
NC: Calves were not fed concentrated feeds.
?????????????????????????
??????????????? 3?????????
?????????????? 3-5???
?????????????????????????
????????????1967????????????
?????????????????????????
?????????????????????????
????????????????? 1970?Scarth??
1968????????????? 1??????????
?????????????????1976????????
?? 1??????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????
?????
?????????????????????????
??????????????????????? 17
?????????????????????????
??? 1?????????????????????
?????????????????????????
????????????? ??????????
??????????? ???????????????????????????????????????????????????????????
19971996Year
10/169/911/1410/239/30Date of observation (month/day) (n=8)(n=10)(n=10)(n=10)(n=10)
136.0109.0100.678.655.6Age of calf (day)
SD ? 30.6 ? 35.0 ? 13.3? 13.3? 13.3
17.47.66.97.45.2Eating frequency (times/calf)
SD ? 4.2? 4.8? 4.7? 5.0? 2.8
4.66.05.53.22.8Eating duration (min. /calf/one time) 
SD ? 0.5? 1.9? 1.5? 0.7? 0.9
79.841.335.724.115.7Total eating duration (min./calf)
SD ? 22.1? 21.7? 21.5? 17.1? 9.3
3.83 2.00 0.99 0.47 0.15 Amount?of concentrate eaten(kg/calf)*
Values are mean ± SD?
*Total amount of concentrate feed (kg)÷Numbers of calves?
Fig. 3-3. The number of calves eating concentrate during observation time.
?????????????????????????
?????????????????????????
????????? 10???????????????
?????????????????????????
?????????? 7????? 09:00? 16:00???
????????? 1? 2kg????????????
?????????????????????????
???? 3????????????????????
????????????? 0-4??????????
?????????????????????????
?????????????????????????
???????6?????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????
???????????????????????
??????????????????????
??????
?????????????????????????
?????????????????Suzuki??1998?
????????????????????????
25?????1.7??????????????????
?????????????????????????
?????????????????Anderson??1979? 
Gordon??1962?Guerra-Martinez??1990??
????????????????????????
?Graf ? Petersen?1953?Porterfield ? Olson?1957? 
Ewbank?1963????????????????????
????????Dufty?1971???? 1982???? 1988??
?????????????????????????
??????????????1988?????????
?????????????????????????
?? Lammoglia??1997??????????????
???????????????????????-17?
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????
?????????????????????????
?????????????????????????
???????????????????????
?????????
?1??????
??? 7?????????????????????
????????????????????Data-logger 
L820, Unipulse Inc.??????????????????
?????????????????????????
?????????????????????????
??????????????????????????
???????????????????? 25cm??
??????????????????????? 4-1
???????????????20?????????
?????????????????????????
???????36?????????????????
?????????????????????????
?????????????
?2?????
?????????????????????????
?????????????????????????
?????????????????????????
?????? 4-1?????????????????
???????????????????? F????
?????????????????????????
6???d -6???????d 0??? 6????????
?????? 31??????????18??????
??13???????????18?? 8???????
????M??10??????F??13?? 4?????
?????????MM??3???????????FF?
???? 6?????????FM??????????
???????????????????Super Eye SSD-
500, Aloka Co. Ltd.????? 30, 60, 90????????
??????????????????? ??
Fig. 4-1. A diagram of cow instrumented with data-logging 
apparatus for measuring vaginal temperature (VT).
 ? Thermcouple sensor covered by the plastic tube was 
firmly bonded to the vulva by the elastic bandage with 
adhesive.
?????????????????????????
?????????????????????????
?????? 1????????????? 2????
????????
?????????3m? 3m????????????
??????????????
?3?????
???????????????? 6???d 0?-1?-2?
-3?-4?-5?-6????????????SAS????????
????????? 6???d -6???????d 0??
?????????????????? PROC MIXED 
MODEL? Tukey’s?????????????????
??????????????????? PROC GLM?
Scheffe’s test ????Chronological variation ??????
??????? 3???d -3????? 6???d -6??
????????????????????????d -
3?? d -6????????????????????
?????????????????????????
4-4???
?????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????? 4-1???
?????????????????????????
????Kelly?1974?Chikamune??1986?Mosher??1990???
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????d -6
?? d 0?????????????????????
????P<0.01??????d -6?? 0????????
???????????[d 0 vs. -2]? [d 0 vs. -3]? [d 0, -1 
vs. -2, -3] ? [d 0, -1 vs. -2 to -6] ????? [d 0, -1 vs. -2 to -6] 
????????? 4-2???
?d -3?? d -6??????????????????
?????? d -3?? d -6?????????????
? 4-4??????????????????????
??????P<0.05????????????????
??????????P<0.05????????????
???????????????????????? 3
?? 8??????????????????? 2??
???? 8????????????????????
??????????????? 4-3?????????
???????????????????r=-0.7, P<0.05??
?????????????????????????
????????????????????8????
2?????????????????????????
?????????????????????M? F??
?????????????????????????
???????????????FF? FM?????
?P<0.05?????????????????????
??????????????????? 4-4???
?Lammoglia??1997??????? 56? 144????
??????????????????????????
??????????? 56? 144??????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????? ??????????
??????????? ???????????????????????????????????????????????????????
Parity timesMaternal wt, kg
(n)Pregnancy status 
SDAvgSDAvg
Singles
2.06.666539( 8 ) M
2.96.067539( 10 ) F
2.46.364539( 18 )Total
Twins
0.58.858533( 4 ) MM
2.37.763577( 6 )FM
2.37.759534( 3 )FF
1.88.056547( 13 )Total
M = male, F = female, MM = male twins, 
FM= one female and one male twin, FF = female twins.
?????????????????????MM? FF
?????????????????????????
??????????????????????????
???????????????MM?r=0.91?P=0.09??
FF?r=0.89?P=0.30???? MM? FF?????r=0.84? 
P<0.05??????????????????????
? FM??????????????????????
?????r=-0.26?P=0.61??
?FM??????????????????????
?????????????????????? 4-4???
?????????????????????r=0.43, 
P=0.53??????????????????????
??????r=-0.82, P<0.05???????
???????????? 80???????????
????????????Gregory??1996?Marcum?
1974?Shore? Shemesh?1981????????????
????????????Vigier??1984?Rota??2002?
Clemente??1994??????????????????
??????????Randel??1971?Parkinson??2001?
Domínguez??1990???????????????FM
??????????????????????????
?????FF?MM????????????????
?????????????Schroder??1988????
?????????????????????????
??????????????????? ??
??????????? ??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
???????????
Month of parturition (number of cows)Pregnancy status       
Sept.Aug.Jul.JuneMayApr.Mar.
—37.8b—38.438.438.539.1a
Single
Vaginal temperature, °C
(0)(2)(0)(2)(5)(4)(5)
38.538.438.238.838.639.839.7
Twin
(3)(3)(2)(1)(2)(1)(1)
38.538.238.238.538.538.839.2
Whole
(3)(5)(2)(3)(7)(5)(6)
19.622.922.819.514.910.35.5Environmental temperature, °C
 
a,b  Values with different superscripts in the same column are statistically different  (P < 0.05).
??????????? ???????? ??????????? ???????????? ???????? ????????????????????????? ?????????????
???????????????????????
Vaginal temperature, °C (Means ± SE)
TwinsbSinglesaDays before expulsion
37.92 ± 0.00238.02 ± 0.001 0
38.28 ± 0.00038.41 ± 0.001-1
38.54 ± 0.00238.64 ± 0.001-2
38.56 ± 0.00338.54 ± 0.002-3
38.61 ± 0.00538.62 ± 0.002-4
38.67 ± 0.00538.42 ± 0.004-5
38.30 ± 0.01038.50 ± 0.004-6
????????Probability#??????????Comparison of the day before expulsion
0.69 <0.01**0 vs. -1
0.09 <0.01**0 vs. -2
0.96 <0.01**0 vs. -3
0.09 <0.01**0, -1 vs. -2, -3
 0.04* <0.01**????0, -1 vs. -2, -3, -4, -5, -6
0.990.94-3 vs. -4 
0.990.24-4 vs. -5 
0.910.99-5 vs. -6 
0.990.99     ?-3 vs. -4, -5, -6
0.990.44-4, -5 vs. -5, -6 
 
#
 P values by Scheffe’s multiple range test.
 
a
 VT in the cows with single (n = 18), bVT in the cows with twin (n = 13).
d 0 = 0 to 1420 min. before expulsion, d -1 = 1440 to 2860 min, d -2 = 2880 to 4300 min, d -3 = 4320 to 
5740 min, d -4 = 5760 to 7180 min, d -5 = 7200 to 8620 min, d -6 = 8640 to 10060 min.
?????????????????????????
?????????????????????????
?????????????????????????
???????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????
?????
?31?????????????????????? 6
???d -6???????d 0????????????
?????????????????????????
??????????? 6???? 3????????
?????????????????????????
?????????????????????????
?????????????????????????
???????FM??????????????MM?
????????FF????????????????
????????????????r=-0.84, P<0.05??MM
? FF??????????????????????
???????????FM?????????????
??????????r=-0.26, P=0.61??FM??????
?????????????????????????
?????????r=-0.82, P<0.05?? 
??????????????????
??????
?????????????????????????
?????????????????????????
???????????1?????????????
?????????????????????????
???????Comline??1976? Hunter??1977? Adams
??1998??????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
????????????Comline??1976?Hunter??
1977?Adams??1998????????????????
?????????????????????????
?????????????????????????
??????????Runciman??1985?Høgevold??
2000???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????
????????????? ??????????
??????????? ????????????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????
Variable
 (n)Sex of calves Pregnancy
status
ProbabilityCorrelation coefficient‡Birth wt, kgVT (°C)
SDAvgSDAvg
Singles
0.940.034.636.4a0.6438.6(8)M
0.210.446.335.8a0.3938.5(10)F
0.350.247.836.10.5138.6(18)Total
Twins
0.090.919.8  55.8bc†0.5438.5(4)MM
0.61-0.26 4.6 57.2b†0.6738.6(6)FM
0.300.898.3 50.4c†0.3438.5(3)FF
 0.017 0.84*9.1  53.1bc†0.4438.5(7)FF + MM
0.100.267.554.20.6038.6(13)Total
Among FM
0.530.324.929.8——(6)Male fetus of FM
 0.047-0.82* 3.927.3——(6)Female fetus of FM 
 
a,b,c  Values in the same column with different superscripts are statistically different (P < 0.05).
 
†  Sum of weights of two calves in the same litter.
 
? Pearson correlation coefficients between maternal vaginal temperature and fetal birth weight by fetal sex, and between maternal 
 temperature with isosexual twins (FM) and birth weights of male or female calf (*P < 0.05).
M, F, MM, FM, FF : see Table 4-1.
?????????
?1???????????????
?15???????????? 8??????????
???? 6????????? 1????????? 4-
5????????????????????????
????????????????????? 4-2??
??????? 239? 262?????????? 48??
??????24? 16???????????????
??????????? 1?????????????
?? 20mg??????????????????0.5?
Marcain, Fujisawa Pharmacetical Co.??2????????
???? 3?2??????????????????
?????????????????????????
????????? 25?? 30cm?????????
?????????????????????????
??????????????????????????
?????????????????????????
???????? 4?g/min/kg, Sigma-Aldrich Japan Co.?
?????????????????????
??????????????????????
?150,000I.U.????????????0.15g??????
?????????????????????????
???????????? 2??? 3????????
?????? 1800mg/18ml???? 200mg/2ml?????
?????????? 400mg???????????
????????????3m? 3m????????
?????????????????????????
???????Animal Care Committee, National Institute of 
Grassland Science??????????????????
?2??????????????????
??????????????????? 4????
????????????????????A????
?????mm?? 1.5? 0.97???? 1.2? 0.7?70cm
??????????????4?????????
?????B?????????mm?? 1.27? 0.86??
? 100cm???????????????Intramedic 
Polyethylene Tubing, Becton & Dickinson Ltd.???? 1?
????????????C????? 3?? 4???
? 5Fr.???????mm ????? 1.27? 0.86? 1.33
? 0.95????? 1.5m?????????Medikit Ltd. 
Japan?????????????D???5 French?Fr.: 
??????????????mm ? 1.33? 0.95? ??
1.5m?????????Medikit Ltd. Japan??????
?????????????Sanwa Spring Ltd, Japan??
????????? 25cm?????????7????
?????????????????Unitika Ltd, Japan?
?????????????????????????
????????????? 25cm??????????
?????????????????????????
?? 4-3, 4?????????????????????
???????????????????
??????????????14G??? 1.4m????
?????????????????????????
???????? 4-5????????????????
?? 25cm?????????Unitika Ltd, Japan????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
2000-372724??? 2000-372725??
?????????????????????????
????????????? 2ml??????????
? 100I.U./ml?????????? 100?g/ml?????
?????????????????????????
?? 100I.U./ml?????????? 100?g/ml????
?????????????????????????
??????
?1?????no.12???????????? 2???
????rt-PA, 1,200,000I.U./2ml/time?????????
????????????????????????
?????????????????????????
????????????
??????????????????? ??
Fig. 4-2. Operating procedure for fetal cannulation under 
regional anesthesia and care for animal bofore and 
after operation.
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Fig. 4-3. Datails of the catheter for collecting fetal blood.
Fig. 4-4. Illustration of catheter fixed to fetal limb.
Fig. 4-5. Catheter for fetal fluid with tool to prevent sucking 
chorion and with fixing tool to prevent catheter 
from slipping out of uterus.
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Condition of 
neonate
B.W.of
neonate
(kg)
Sex of
neonate
Gestation
length at
parturition
(days)
Duration of
collection
fetal fluid
(day)
Duration of
collection of
fetal blood
(day)
Gravid
uterine
horn
Position of catheter
Type of
catheter 
for fetal 
blood*
Outside x inside
diameter and 
length of 
catheter for fetal 
blood (mm)
Gestation
length at
surgery
?day?
Cow
No.
Death for infection???NT1LeftA hindlimb vein#A1.2x0.7,   7002581
Normal19.0M283NT3LeftAn artery on chorionA1.2x0.7,   7002582
Normal46.0F286NT0RightAn artery on chorionA1.5x0.97,   7002393
Stillbirth30.5F269NT2RightAn artery on chorionA1.5x0.97,   7002554
Normal23.0F272NT1LeftAn artery on chorionB1.27x0.86, 10002555
Death for accident???NT3LeftAn artery on chorionC1.27x0.86, 15002626
Normal21.5F276NT1RightA hind limb vein#C1.27x0.86, 15002627
Death fot dehydrating???NT1RightAleft hindlimb veinC1.33x0.95, 15002538
Normal30.0M2812415RightA left forelimb veinD1.33x0.95, 15002579
Normal26.0M267NT3RightA right forelimb veinD1.33x0.95, 150025110
Normal19.5F2711112RightA left hindlimb veinD1.33x0.95, 150026011
Stillbirth21.0M2791818LeftA right hindlimb veinD1.33x0.95, 1500262 12&
Normal34.5M2912911RightA right hindlimb veinD1.33x0.95, 150026213
Normal33.0M273NT19RightA left forelimb veinD1.33x0.95, 150025514
Normal31.5F2831223RightA right hindlimb veinD1.33x0.95, 150026215
F : female, M : male.
# : Right of left not known.
NT : No tested.
& : treated with rt-PA.
* : A : Polyvinyl tube for indwelling in humans, B : Medical tube made of polyethylene,
?  C : Angiographic catheter without spring tube, D : Angiographic catheter covered with spring tube.
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????????????? ??????????
Fig. 4-6. Change in plasma concentrations of maternal and fetal cortisol after operation. 
(mean±S.E., n=6), ? P<0.05 or ?? P<0.01 vs respective operation time (0 h).
Fig. 4-7. Mean changes in fetal/neonatal (? ) and maternal 
( ? ) plasma cortisol concentrations before and 
after parturition.
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?3?????
???????????????? 6???d 0, -1, -2, -3, 
-4, -5, -6???????????? SAS????????
????????? 6???d -6???????d 0??
?????????????????? PROC MIXED 
MODEL? Tukey’s?????????????????
??????????????????? PROC GLM?
Scheffe’s test ????Chronological variation ??????
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?????????????????????????
?????????????????????????
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??????????
?????????0.3??? 0.5??????????
???????? 2183?36?? 23????? 1782??
?29?? 42???????????????? 1783?29
?? 43????? 1501??25?? 1????????
5-1????????????????????????
??????????????????? 
?????????????????????????
?????????????????????????
?????????31???????????????
??? 5-2???????????????????? 3
???? 0.3? ??????????????????
????? 60???????????????
?????????????????????????
??????????? 0.3? ???????????
? 72??????92.3?? 48???????????
?? 5-2???
?????????????????????????
????????????? ??????????
Table 5-2. Number of cows calved within 36, 48, 60, or 72 hours, after the decreasing of vaginal temperature was detected by “Same 
hours method” and “Maximum-minimum method?”
Number of cows calved (Probability)
Status (n) Within 72 hWithin 60 hWithin 48 hWithin 36 h
? 0.5°C? 0.3°C? 0.5°C? 0.3°C? 0.5°C? 0.3°C? 0.5°C? 0.3°C
17
(94.4%)
10
(76.9%)
18
(100%)
13
(100%)
17
(94.4%)
10
(76.9%)
18
(100%)
13
(100%)
17
(94.4%)
10
(76.9%)
17
(94.4%)
10
(76.9%)
15
(83.3%)
?8
(61.5%)
15
(83.3%)
?8
(61.5%)
Same hours method
Single (18)
Twin (13)
Maximum-minimum method
?8
(44.4%)
12
(66.7%)
13
(72.2%)
?9
(69.2%)
?5
(38.5%)
12
(92.3%)
16
(88.8%)
14
(77.8%)
16
(88.8%)
12
(92.3%)
10
(76.9%)
13
(100%)
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?8
(44.4%)
?9
(50.0%)
13
(72.2%)
10
(76.9%)
?2
(15.4%)
10
(76.9%)
13
(72.2%)
12
(66.7%)
15
(83.3%)
11
(84.6%)
?3
(23.1%)
12
(92.3%)
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
?
(? )
Max.?
Min.?
Max. or Min.?
Max.?
Min.?
Max. or Min.?
Singles (18)
Twins (13)
? To detect maximum and minimum values of the day, the number of cows and the probability were caluculated “within “48” or “72” hours”. Not calculated 
within “36” or “60”.
? Method to select data.
Table 5-1. Average of the starting time from expulsion, 
when the vaginal temperature (VT) was decreased 
over 0.5 or 0.3?
? 0.3°C? 0.5°C
Fetal
sex
Pregnancy 
Status SDMinutesSDMinutes( n )
(Hours)(Hours)
697
(11.6)
460
( 7.7)
615
(10.2)
574
( 9.6)
799
(13.3)
863
(14.3)
863
(14.4)
2183
(36.4)
1577
(26.3)
1887
(31.4)
1783
(29.7)
2000
(33.3)
2452
(40.9)
2030
(33.8)
503
( 8.4)
638
(10.6)
417
( 7.0)
471
( 7.9)
903
(15.1)
212
( 3.5)
428
( 7.1)
1782
(29.7)
1464
(24.4)
1517
(25.3)
1501
(25.0)
1966
(32.7)
1700
(28.3)
1707
(28.4)
(18)
(?8)
(10)
(13)
(?4)
(?6)
(?3)
Total
M
F
Total
MM
FM
FF
Singles
Twins
M = male, F = female, MM = male twins, FM= one female and one male 
twin, FF = female twins.
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Table 5-3. Details of animals used for the verification 
experiment and prediction probability of the 
parturition time by “Same hours method” and 
“Maximum-minimum method”
Number of cows calved 
(Probability)
Maximum-
minimum
method
Same hours 
method
Parity 
times
Maternal 
wt, kg
Number
of
cows
Within 72 hWithin 60 hSDAvgSDAvg
3
(75%)
4
(100%)3.64.01175704
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Table 5-4. Composition of diets, feeding time, parity, body weight of dams and time of parturition in trial 1, 2 and 3
Time of parturition
Night
N? (%)#
 
Day
N? (%)#
 
Term of treatment 
day, Ave. ± SE
Bw, kg 
Ave. ± SE
Parity 
Ave. ± SE
Treatment† (N)Feeding timeComposition of diet
Concentrate : Roughage
?  ?? % TDN ??  ?
10 (52.6)
2 (50.0)
2 (66.7)
2 (40.0)
6 (85.7)
5 (20.8)
8 (61.2)
9 (47.4)
2 (50.0)
1 (33.3)
3 (60.0)
1 (14.3)
19 (79.2)
5 (38.5)
17 ± 1.3
26 ± 7.3
18 ± 2.3
18 ± 2.0
17 ± 2.3
22 ± 1.6
18 ± 1.6
537 ± 16
567 ± 35
552 ± 30
548 ± 29
554 ± 33
560 ± 18
600 ± 27
5.9 ± 0.5
4.5 ± 2.1
6.3 ± 2.2
7.6 ± 0.2
5.1 ± 1.0
6.2 ± 0.7
3.2 ± 1.1
TR (19)
TR (4)
NR (3)
TC (5)
NC (7)
NRa (24)
NCb (13)
Twice daily
Twice daily
Night feeding
Twice daily
Night feeding
Night feeding
Night feeding
70
70
70
40
40
70
40
Trial 1
 30
Trial 2
 30
 30
 60
 60
Trial 3
 30
 60
 † TC = the cows fed twice daily high-concentrate diets; TR = the cows fed twice daily high-roughage diets; NC = the cows fed a high-concentrate diet 
at night ; NR = the cows fed a high-roughage diet at night.
 ? Number of cows.
 
#  Rate of day or night parturition within same dietary treatment.
 
a,b  Treatment with different superscripts are different rate of day parturition by Fisher's exact test (P < 0.05).
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Fig. 5-1. An example of the observed and estimated vaginal temperature.  The actual data are one cow that 
was calved at night-time under night-fed treatment.  Estimated data are calculated by cosine curve 
that fitted actural date with 48 h serial section, shifted with 24 h intervals.  Solid line represents the 
curve line passing through the points of the data that were estimated by the cosinor method with a 
serial section of 48-h time series.  For example, the estimated data in gray zone were calculated by the 
use of actual data from d 8 to 7 (48 h).  Similarly, data in gray checkered zone were calculated by 
actual data of d 7 to 6.
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acrophase???????P<0.05??bathyphase????
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?????????? 6????periodicity?amplitude?
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?NRN??? amplitude??NRD ??P<0.01??NCD?
?P<0.01????? NCN??P<0.01??????????
?? NRD ??? NCN ???P<0.05????????
???NRD ?? bathyphase??NCN ???????
?P<0.05??? 5-6? , ? 5-2???
?????????????MESOR?????
?P<0.05?????P<0.01????????amplitude?
??????????P<0.01??? 5-7???
?NRN??? MESOR?NRD ??P<0.01?? NCN ??P<0.05??
??????????????????? ??
????????????? ??????????
Table 5-5. Probability of main effects and its relationship between the parameters fitted cosinor curve for variations of vaginal 
temperature around the initiation of night feeding (2 days before to 8 days after), and comparison the elapse of the day for 
the parameters in the Trial 3
Probability for parameter
BathyphaseAcrophaseAmplitudeMESORPeriodicityEffect of factors† 
0.0130*
0.0438*
0.8859 
 0.0155*
0.1462
0.3945
0.2421  
0.0001**
0.0017* 
0.9964
0.1431
1.000 
0.0860
0.9785
 0.0155*
Day
Treatment
Day and Treatment
Comparison of the day before and after changing diets (day versus day) for parameter
Parameter
BathyphaseAcrophaseAmplitudeMESORPeriodicity
-2 vs. -1*
-2 vs. 4*
-2 vs. 5*
-1 vs. 6*
-1 vs. 7**
 0 vs. 7**
 1 vs. 7*
 2 vs. 7**
 3 vs. 7*
 4 vs. 6**
 4 vs.7**
 5 vs. 6*
4 vs. 5, 6, 7*
4, 5 vs. 6, 7**
 5 vs. 6, 7**
-2 vs. 7**
-1 vs. 6*
-1 vs. 7**
 0 vs. 7**
 1 vs. 6*
 1 vs. 7**
 2 vs. 7**
 3 vs. 6*
 3 vs. 7**
 4 vs. 6*
 4 vs. 7**
 5 vs. 6*
     
 1, 2, 3 vs. 4, 5, 6, 7*
 4 vs. 5, 6, 7*
4, 5 vs. 6, 7**
 5 vs. 6, 7**
0 vs. 7*
1 vs. 6*
1 vs. 7*
2 vs. 7*
3 vs. 7*
4 vs. 7*
     4,5 vs. 6,7**
5 vs. 6,7**
-2 vs. 2*
-2 vs. 4*
-2 vs. 6*
-2 vs. 7**
-1 vs. 7**
2 vs. 3*
3 vs. 4*
0 vs. 7**
1 vs. 7**
2 vs. 7*
3 vs. 6*
3 vs. 7**
4 vs. 7*
  -2, -1 vs. 1, 2, 3, 4, 5*
    1, 2, 3 vs. 4, 5, 6, 7**
4, 5 vs. 6, 7*
5 vs. 6, 7**
** P<0.01, *P<0.05.
vs. : versus.
†Effects of elapse of the day (day), dietary treatment (treatment) and both relationship were analyzed mixed model procedure.
Table 5-6. Parameters of the cosinors curve fitted to variations in the vaginal temperature over 10 days around 
the initiation (2 days before to 8 days after) of night feeding pregnant beef cows (Data from trial 3)
SEMMeanN†Trearment#Parameter
?0.42
?0.63
?0.70
?0.57
?0.07
?0.10
?0.11
?0.09
?0.0137
?0.0203
?0.0224
?0.0184
26.5
39.3
43.2
35.5
19.6
29.0
31.9
26.2
??22.6
??22.7
??22.5
??22.4
??38.43
??38.28
??38.58
??38.53
???0.3054a
???0.4430b
???0.2938ac
???0.2259c
1363.4
1371.8
1308.9
1272.7
?683.5a
?689.9ab
?632.4ab
?600.7b
8 (70)
4 (32)
3 (27)
5 (39)
8 (70)
4 (32)
3 (27)
5 (39)
8 (70)
4 (32)
3 (27)
5 (39)
8 (70)
4 (32)
3 (27)
5 (39)
8 (70)
4 (32)
3 (27)
5 (39)
NRD
NRN
NCD
NCN
NRD
NRN
NCD
NCN
NRD
NRN
NCD
NCN
NRD
NRN
NCD
NCN
NRD
NRN
NCD
NCN
Periodicity,  hours
MESOR, °C
Amplitude, °C
Acrophase, ? minutes
Bathyphase, ? minutes
 
a, b, c
 Values within rows with different superscripts differ significantly (P < 0.05).
 
†Number of cows (number of observations).
 
#NRD = cows that delivered during the daytime fed a high-roughage diet at night; NRN = cows that delivered during night-
time fed a high-roughage diet at a night; NCD = cows delivered in daytime fed a high-concentrate diet at a night; NCN = 
cows that delivered during night-time at a high-concentrate diet at night.
TRD??P<0.05?????????NRN?? amplitude
? TRN ??P<0.05??NRD ??P<0.01??NCD?P<0.05?
??????????? 5-7??? 5-3???
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
???????48?????????????????
?????????????????????????
?????????????????????????
????????????????????????
??????????Graf? Petersen, 1953; Porterfield?
Olson, 1957; Ewbank, 1963????????MESOR???
?????????? 5-3???
????periodicity? acrophase? bathyphase?????
??????????????????????????
???????????????????? 7????
???????????
????????????NR??? 17?????? 5
??NRN??????????????????????
NRD?? amplitude?????????????????
?????? 5-2??????? NRN?? amplitude??
???????????MESOR ??????????
?????? 5-2?3????????????????
??????????????????? ??
Fig. 5-2. Changes in means of parameters of cosine equations fitted vaginal temperatures of cows which fed 
high-roughage diet and calved at daytime (NRD; n=8), fed higt-roughage and calved at nighttime 
(NRN; n=4), fed high-concentrate diet and calved at daytime (NCD; n=3), and fed high-roughage diet 
and calved at nighttime (NCN; n=5) before and after the night feeding started (d 0),  From d -2 to 0, the 
cows fed the diets twice daily. And, the cows were treated night feeding from d 0 to 8.
?????????????????????????
?Gazzola??1995??????????????????
?????????????????????????
?Rutkowska ??1996?Kim ? Tokura?1996?Park ??
1998????????????????????????
?????????????????????????
????????????????????Fruhstorfer
??1988? Akerstedt? Froberg?1979????????NRN
?????????????? MESOR?? amplitude?
?????????????????????????
??????????NR??????????????
?????????????????????????
?????????????????????????
????Sharafeldin??1971????????????
?????????????????????????
?????
?????
?75???????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????TDN??? 70?????30????????
??????18:00?????????????????
????????????? ??????????
Table 5-7. The comparison between the parameters fitted curve in the experiment for variations of vaginal temperature prior to 
parturition (from 10 days before to the parturition day)
SEMeansN‡Treatment&
Effect of factors† (Probability)
Parameters
Treatment and day#TreatmentDay
?0.9
?0.6
?0.8
?0.6
?0.6
?0.7
?0.10
?0.08
?0.08
?0.12
?0.14
?0.09
?0.0226
?0.0192
?0.0195
?0.0270
?0.0324
?0.0213
37.2
31.6
32.1
44.4
53.3
35.0
26.5
22.5
22.9
31.7
38.0
24.9
??22.4
??22.8
??24.2
??22.4
??23.2
??23.5
??38.62a
??38.51
??38.76a
??38.16b
??38.52
??38.65a
???0.2390
???0.2577a
???0.3292a
???0.4563b
???0.2614a
???0.3139
1337.3
1317.0
1408.2
1383.8
1360.3
1346.5
?665.6
?632.3
?681.9
?691.2
?661.9
?639.7
8 (52)
9 (56)
8 (48)
3 (25)
3 (20)
4 (39)
8 (52)
9 (56)
8 (48)
3 (25)
3 (20)
4 (39)
8 (52)
9 (56)
8 (48)
3 (25)
3 (20)
4 (39)
8 (52)
9 (56)
8 (48)
3 (25)
3 (20)
4 (39)
8 (52)
9 (56)
8 (48)
3 (25)
3 (20)
4 (39)
TRD
TRN
NRD
NRN
NCD
NCN
TRD
TRN
NRD
NRN
NCD
NCN
TRD
TRN
NRD
NRN
NCD
NCN
TRD
TRN
NRD
NRN
NCD
NCN
TRD
TRN
NRD
NRN
NCD
NCN
0.9905
1.0000
0.9767
0.9995
0.8754
0.3798
0.0022
0.0001
0.4336
0.5371
0.4365
0.0427
0.9989
0.9400
0.3055
Periodicity, hours
MESOR, °C 
Amplitude, °C
Acrophase, ? minutes
Bathyphase, ? minutes
 
a,b,c
 Group with different superscripts are different (P < 0.05).
 
? Effects of elapse of the day (day), dietary treatments and both relationship were analyzed mixed model procedure.
 
? The number of cows (number of data).
 
#
 Effect of relationship with dietary treatment and day. 
 
&
 See Table 5-6.
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Fig. 5-3. Changes in the means of the parameters of the 
cosine equations that fitted the vaginal temperatures 
of the cows that were fed twice daily before 
parturition and have paraturition (d 0) at daytime 
(TD; n=8) and night-time (TN; n=9).  Moreover, 
under night feeding, changes in the means of the 
parameters of cosine equations fitted vaginal 
temperatures of cows that were fed high-roughage 
diet and calved at daytime (NRD; n=8), fed high-
roughage and calved at night-time (NRN; n=3), fed 
high-concentrate diet and calved at daytime (NCD; 
n=3), and fed high-concentrate diet and calved at 
night-time (NCN; n=4) prior to parturition.
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
????????????
?2???????????????????????
?????
?????????????????????????
???????????????????????
???????????????????????
???????????????????????
? 10.4? 14.4kg?????? 1???? 5.2? 7.2kg
???????????????????????
????????????????????????
???????????????????????
???????????????????????
???????????????????????
?????????????????????????
???????????????????????
??????????? 3???????????
???????????????????????
?????????? 0-4???????????
???????????????????????
???????????????????????
???????????????????????
???????????6???????????
???????????????????????
???????????????????????
?????????????????????? 1
??????????????????????
?? 
?3??????????????????????
?????????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
????
?????????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????????????????
???????????????????????
???????????????????????
???????????????????7???
????????????????? 4?????
?????????????????3??????
???????????????????????
????????????????????????
?? 24???????????????????
???????????????????????
??????? 24???????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????
?4??????????????????????
?????????????????????????
???????????????????????
??????????????? 2???????
??????1???Same hours method????
????????????????????? 0.3?
???? 0.5? ????????? 3??????
???????????????????????
???????Maximum-minimum method?????
????????????????????????
???????????????????????
0.3????? 0.5???????????????
??????????????????????
????????????? ??????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
1??????????????????????
?????????????????Clapper??
1990?Redden??1993?????????????
???????????????????????
???????????????????????
????????????????
?????????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
????????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????
???
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
????????????????????????
?????????????????????????
?????????????????????????
??????????????????? TMR??
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
4?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????? ??
?????????????????????????
?????????????????????????
?????????????????????????
??????????
????
???????1988????????????????
???????????????????????
?????2, 34-64?
??Adams, R., Garry, F., Holland, M.D., Hay, W.W. and 
Wanger, A. (1998). Cannulation technique for the late 
gestation bovine fetus, Theriogenology, 49, 337?
?????????????????????????
??????1993???????????????
???????????????????????
?????????? 2????????????
??????????????? 87???????
???????87, 300?
??Akerstedt, T. and Froberg, J.E. (1979). Sleep and stressor 
exposure in relation to circadian rhythms in catecholamine 
excretion, Biological Psychology, 8, 69-80.
??Anderson, G.B., Cupps, P.T. and Drost, M. (1979). 
Induction of twins in cattle with bilateral and unilateral 
embryo transfer, J. Anim. Sci., 49, 1037-1042.
?????????????????????????
???????1994???????????????
???????????????????????
??49, 61-70?
?????????????????1996???????
??????????????????????67, 
647-649?
??????????????????????2002??
???????????????????????
??????????????1, 1-7?
??Aoki, M., Kimura, K., Hirako, M., Hanafusa, Y., Ishizaki, 
H. and Kariya, Y. (2002). Cannulation for a bovine fetus 
in late gestation under regional anesthesia, J. Reprod. 
Dev., 48, 455-460.
???Aoki, M., Kimura, K. and Suzuki, O. (2005). Predicting 
time of parturition from changing vaginal temperature 
measured by data-logging apparatus in beef cows with 
twin fetuses, Anim. Reprod. Sci., 86, 1-12. 
???Aoki, M., Kimura, K. and Suzuki, O. (2006). Influence of 
feeding regime on timing of parturition in beef cattle 
and its relationship of the vaginal temperature rhythm 
to parturition, Anim. Sci. Journal, 77, 290-299.
???Block, B.S., Parer, J.T., Llanos, A.J. and Court, D.J. (1989). 
Effects of ritodrine and fetal oxygenation after in utero 
fetal surgery in sheep, Biology of the Neonate, 56, 94-100.
???Bosc, M.J., Nicolle, A. and Ducelliez, D. (1986). Time of 
birth and daily activity mediated by feeding rhythms in 
the pregnant rat, Reproduction, Nutrition, Development, 
26, 777-789.
???Chikamune, T., Kanai, Y. and Shimizu, H. (1986). 
Comparison of effects of seasonal-climatic changes on 
Thermoregulatory responses and plasma concentrations 
of thyroid hormones in swamp buffaloes and cattle, The 
Japanese Journal of Zootechnical Science, 57, 778-784. 
???Clemente, N.D., Goxe, B., Remy, J.J., Cate, R.L., Josso, N., 
Vigier, B. and Salesse, R. (1994). Effect of AMH upon 
aromatase activity and LH receptors of granulose cells 
of rat and porcine immature ovaries. Endocrine, 2, 553-
558.
???Comline, R.S., Hall, L.W., Lavelle, R.D., Nathanielsz, P.W. 
and Silver, M. (1974). Parturition in the cow : Endocrine 
changes in animal with chronically implanted catheters 
in the foetal and maternal circulations, Journal of 
Endocrinology, 63, 451-456.
???Comline, R.S. and Silver, M. (1976). Some aspects of fetal 
and uteroplacental metabolism in cows with indwelling 
umbilical and uterine vascular catheters, Journal of 
Physiology, 260, 571-586.
???Cornélissen, G. and Halberg, F. (1998). Chronomedicine. 
Encyclopedia of biostatistics. (Armitage P edt.) 642-649. 
John Wiley & Sons Ltd. Chichester. 
???D’Agostino, R.B. (1986). Tests for the Normal Distribution. 
(D’Agostino RB, Stephens MA eds.) 367-419. Marcel. 
Dekker, NY. 
???Dawson, W.M., Cook, A.C. and Bradford, K. Jr. (1960). 
Milk production of beef shorthorn cows. J. Anim. Sci., 19, 
502-508.
???Deswysen, A., Vanbelle, M. and Focant, M. (1978). The 
effect of silage chop length on the voluntary intake and 
rumination behavior of sheep. J. British Grassl. Soc., 33, 
107-115.
???Domínguez, M.M., Liptrap, R.M., Croy, B.A. and Basrur, 
P.K. (1990). Hormonal correlates of ovarian alterations 
????????????? ??????????
in bovine freemartin fetuses, Anim. Reprod. Sci., 22, 181-
201.
???Dufty, J.H. (1971). Determination of the onset of 
parturition in hereford cattle, Australian Veterinary 
Journal, 47, 77-82.
???Edwards, S.A. (1979). The timing of parturition in dairy 
cattle, J. Agric. Sci., 93, 359-363.
???Ewbank, R. (1963). Predicting the time of parturition in 
the normal cow, A study of the precalving drop in body 
temperature in relation to the external signs of 
imminent calving, Vet. Rec., 75, 367-371.
???France,  J.T.,  Magness,  R.R.,  Murry,  B.A.,  Rosenfeld 
C.R. and Mason J.I. (1988). The regulation of ovine 
placental steroid 17 alpha-hydroxylase and aromatase 
by glucocorticoid, Molecular Endocrinology, 2, 193-199.
???Fruhstorfer, B., Pritsch, M.G. and Pritsch, M.B. (1988). 
Effects of daytime noise load on the sleep-wake cycle 
and endocrine patterns in man, III. 24 hours secretion of 
free and sulfate conjugated catecholamines. International 
Journal of Neuroscience, 43, 53-62.
???Fujimoto, S., Akahane, M., Uzuki, K., Akira, A., Sakai, K. 
and Ichinoe, K. (1983). Effect of ritodrine hydrochloride 
on uterine activity and maternal and fetal circulations in 
the pregnant sheep, Asia-Oceania Journal of Obstetrics 
and Gynaecology, 9, 325-333.
??????????????????????????
???????1988???????????????
???????????????????59, 301-305?
???Gazzola, C., Magnar, T., Lisle, A.T. and Hunter, R.A. 
(1995). Effects of alpha-adrenoreceptor agonists and 
antagonists on metabolic rate in cattl, Comparative 
Biochemistry and Physiology, 111, 73-77.
???Giuseppe, P. and Giovanni, C. (2002). Biological rhythm 
in livestock. J. Vet. Sci., 3, 145-157.
???Gordon, I., Williams, G. and Edwards, J. (1962). The use 
of serum gonadotrophin (P. M. S.) in the induction of 
twin-pregnancy in the cow, J. Agric. Sci., 59, 143-198.
???Graf, G.C. and Petersen, W.E. (1953). Changes in 
respiration and heart rates, body temperatures, plasma 
lactic acid levels and plasma creatinine levels caused by 
stress in daily cattle. 1953, J. Dairy Sci., 36, 1036-1048.
???Gregory, K.E., Echternkamp, S.E. and Cundiff, L.V. 
(1996). Effects of twinning on dystocia, calf growth, 
carcass traits, and cow productivity, J. Anim. Sci., 74, 
1223-1233.
???Gregory, K.E., Bennett, G.L., Vleck, L.D.V., Echternkamp, 
S.E. and Cundiff, L.V. (1997). Genetic and enviromental 
parameters for ovulation rate, twinning rate, and weight 
traits in a cattle population selected for twinning, J. 
Anim. Sci., 75, 1213-1222.
???Grummer, R.R., Hoffman, P.C., Luck, M.L. and Bertics, 
S.J. (1995). Effect of prepartum and postpartum dietary 
energy on growth and lactation of primiparous cows, J. 
Dairy Sci., 78, 172-180.
???Guerra-Martinez, P., Dickerson, G.E., Anderson, G.B. 
and Green, R.D. (1990). Embryo-transfer twinning and 
performance efficiency in beef production, J. Anim. Sci., 
68, 3133-3144.
???Halberg, F. (1969). Chronobiology. Annual Review of 
Physiology, 31, 675-725.
???Halberg, F. (1980). Chronobiology : methodological 
problems. Acta Medica Romana, 18, 399-440.
???Halhuber, M.J., Cornélissen, G., Bartter, F.C., Delea, C.S., 
Kreze, A., Mikulecky, Y., Müller-Bohn, T., Siegelová, J., 
Dusˇ ek, J., Schwartzkopff, O. and Halberg, F. (2002). 
Circadian urinary glucocorticoid and rhythmic blood 
pressure coordination. Scripta Medica Facultatis Medicae 
Universitatis Brunensis Purkynianae, 75, 139-144.
????????????????????????1993??
???????????????????????
???????????????????????
????????????????????28, 6-10?
???Hildebrand, R., Haubitz, I. and Schultz, M. (1984). 
Problems in fitting a cosine curve. Chronobiology 
International, 1, 93-95.
???Hudgens, R.E., Albright, J.L. and Pennington, J.A. (1986). 
Influence of feedig time and diet on time of parturition 
in multiparous ewes, J. Anim. Sci., 63, 1036-1040.
???Hunter, J.T., Fairclough, R.J., Peterson, A.J. and Welch, 
R.A.S. (1977). Foetal and maternal hormonal changes 
preceding normal bovine parturition. Acta Endocrinologica, 
84, 653-662.
???Høgevold, H.E., Lyberg, T., Kähler, H., Haug, E. and 
Reikerås, O. (2000). Changes in plasma IL-1 ? , TNF-? 
and IL-6 after total hip replacement surgery in general 
or regional anaesthesia. Cytokine, 12, 1156-1159.
???Ichimaru, Y. (1993). Least square multivariate cosine 
spectorum analysis for ambulatory blood pressure and 
??????????????????? ??
heart rate, Therapeutic Research, 14, 1650-1657.
???????????????????????1982??
???????????????????????
???????????13, 13-18?
????????1995?????????????????
??????????182-185?
???Ishikawa, A., Fujiwara, M., Ohata, A., Hoshino, K., 
Matsuzawa, T., Barrow, P.C., Shimazu, H., Ono, C., 
Putman, D.L., San, R.H. and Couch, R.C. (1997). 
Reproductive toxicity, mutagencity and antigenicity of 
pamiteplase (genetical recombination), Journal of 
Toxicological Sciences, 22, 207-217.
???Jeffrey, S.S. (1989). Relationship among climatological 
variables and hourly distribution of calvings in Holsteins 
fed during the late afternoon, J. Dairy Sci., 72, 2712-2717.
???????????????????????1984?? 
???????????????????????
???????????????????????
???20, 68-74?
??????????????????1994???????
????????????????????65, 135-
141?
???Kelly, W.R. (1974). Veterinary Clinical Diagnosis. (2nd 
ed.) 21-16, Bailliere Tindall, London. UK.
???Kim, H.E. and Tokura, H. (1996). Influence of different 
light intensities during the daytime on evening dressing 
behavior in the cold. Physiology and Behavior, 58, 779-
783. 
??????????????????1996???????
???????????????????????
????????????????????????
12, 74-75?
??????????????????1956???????
???????? 2? ?????????????
???????????????3, 167-186?
?????????????1967????????????
???????????????????????
????24, 61-71?
?????????????1968????????????
? 180????????????????????
????39, 426-431?
???????????????????????1976??
???????????????????????
???????????52, 145-159?
???Laifer, S.A. and Rauk, P.N. (1993). Ritodrine increases 
leukotriene B4 concentrations in pregnant sheep. 
American Journal of Obstetrics and Gynecology, 169, 
956-960.
???Leaver, J.D. (1982). Herbage intake handbook. British 
Grassland Society. Hurley.
???Lammoglia, M.A., Bellows, R.A., Short, R.E., Bellows, 
S.E., Bighorn, E.G., Stevenson, J.S. and Randel, R.D. 
(1997). Body temperature and endocrine interactions 
before and after calving in beef cows, J. Anim. Sci., 75, 
2526-2534.
???Lowman, B.G., Hankey M.S., Scott N.A., Deas D.W. and 
Hunter E.A. (1981). Influence of time of feeding on time 
of parturition in beef cows. Vet. Rec., 109, 557-559.
???Marcum, J.B. (1974). The freemartin syndrome. Animal 
Breeding Abstract, 42, 227-242.
???Meijs, J.A.C., Walters, R.J.K. and Keen, A. 1982. Sward 
methods. In : Hervage Intake Handbook (Leaver JD eds.) 
21-24. The British Grassland Society. Berkshire.
???Mosher, M.D., Ottobre, J.S., Haibel, G.K. and Zartman, 
D.L. 1990. Estrual rise in body temperature in the 
bovine. II. The temporal relationship with ovulation. 
Anim. Reprod. Sci., 23, 99-107.
?????????????1989????????????
???????????????????????
????????????41, 53-63?
???Nelson, W., Tong, Y.L., Lee, J.K. and Halberg, F. (1979). 
Methods for cosinor-rhythmometry. Chronobiologia, 6, 
305-323.
?????????2003???????????????4
?????????????1-12?
????????????2000???? 12???????
??55-57?
????????????2004?????6???????
??355-359?
???????????????1999??????????
???1-25?
???????????????1970??????????
?????????????????????????
?????42, 67-92?
???????????????1979a?????????
???????????????????????
????117, 10-18?
???????????????1979b?????????
????????????? ??????????
????????? 5? ?????????????
114, 103-114?
???????????????1987??????????
???12-75??????????
???????????????2000??????????
???????????
?????????????1992????????????
?????198-199????
??????????1999???????????????
??12????
??????????2002???????????????
??15????
?????????????????????????
????????????1993??????????
??????????????????????48, 
69-75?
??????????????????1974???????
???????????????????????
???????????????????45, 543-550?
???????????????????????1979??
???????????????????????
????????2. ??????????????
????????????????????????
???????????????7, 10-12?
???Park, S-J. and Tokura, H. (1998). Effects of different 
types pf clothing on circadian rhythms of core 
temperature and urinary catecholamines. Japanese 
Journal of Physiology, 48, 149-156.
???Parkinson, T.J., Smith, K.C., Long, S.E., Douthwaite, J.A., 
Mann, G.E. and Knight, P.G. (2001). Inter-relationships 
among gonadotrophins, reproductive steroids and 
inhibin in freemartin ewes, Reproduction, 122, 397-409.
???Pennington, J.A. and Albright, J.L. (1985). Effect of 
feeding time, behavior, and environmental factors on the 
time of calving in dairy cattle, J. Dairy Sci., 68, 2746-
2750.
???Porterfield, I.D. and Olson, N.O. (1957). Vaginal 
temperature of dairy cows before and after calving. J. 
Am. Vet. Med. Assoc., 131, 381-383.
???Randel, R.D., Brown, B.L., Erb, R.E., Niswender, G.D. 
and Callahan, C.J. (1971). Reproductive steroids in the 
bovine. II. Comparison of freemartins to fertile heifers, J. 
Anim. Sci., 32, 318-326.
???Redden, K.D., Kennedy, A.D., Ingalls, J.R. and Gilson, 
T.L. (1993). Detection of estrus by radiotelemetric 
monitoring of vaginal and ear skin temperature and 
pedometer measurements of activity, J. Dairy Sci. 76, 
713-721.
???Rota, A., Ballarin, C., Vigier, B., Cozzi, B. and Rey, R. 
(2002). Age dependent changes in plasma anti-Müllerian 
hormone concentrations in the bovine male, female, and 
freemartin from birth to puberty, relationship between 
testosterone production and influence on sex differentiation. 
General and Comparative Endocrinology. 129, 39-44.
???Runciman, W.B., Mather, L.E., Ilsley, A.H., Carapetis, R.J. 
and Upton, R.N. (1985). A sheep preparation for 
studying interactions between blood flow and drug 
disposition. IV : The effects of general and regional 
anaesthesia on blood flow and cefoxitin disposition. 
British Journal of Anaesthesia, 57, 1239-1247.
???Rutkowska, D., Park, S-J., Okazaki, Y. and Tokura, H. 
(1996). Effects of the different light intensities on some 
physiological parameters in terms of circadian rhythm, 
Applied Human Science, 15, 129 (Abstract).
???SAS. (1996). SAS User’s Guide; Statistics SAS Inst. Inc., 
Cary, NC.
?????????????????????????
???????1995???????????????
???????????????????????
?????Lolium perenne L.???????????
?????????????Festuca arundinacea 
Schreb/Dactylis glomerata L.???????????
????????????51, 40-49?
???Scarth, R.D., Miller, R.C., Phillips, P.J., Sherritt, G.W. and 
Ziegler, J.H. (1968). Effect of creep feeding and sex on 
the rate and composition of growth of crossbred calves. 
J. Anim. Sci., 27, 596-600.
???Schroder, H., Gilbert, R.D. and Power, G.G. (1988). 
Computer model of fetal-maternal heat exchange in 
sheep. J. Appl. Physiol., 65, 460-468.
???Sharafeldin, M.A., Ragab, M.T. and Kandeel, A.A. 
(1971). Behaviour of ewes during parturition. J. Agric. 
Sci. (Cambridge), 76, 419-422.
????????1987??????????????????
38, 78-84?
??????????????????????????
????1990??????????????????
???????????????????????
??????????????????? ??
???79, 50-53?
????Shimada, K., Izaike, Y., Suzuki O., Kosugiyama, M., 
Takenouchi, N., Ohshima, N. and Takahashi, M. (1992). 
Effect of milk yield on growth of multiple calves in 
Japanese Black Cattle (WAGYU). Asian-australasian J. 
Anim. Sci., 5, 717-722.
????Shore, L. and Shemesh, M. (1981). Altered steroidogenesis 
by the fetal bovine freemartin ovary. J. Reprod. Fertil. 
63, 309-314.
????Stevenson, J.S. (1989). Relationship among climatological 
variable and hourly distribution of calving in Holsteins 
fed during the late afternoon. J. Dairy Sci., 72, 2712-
2717.
?????????1989????????????????
??????????????????????
39, 37-51?
??????????????????????????
???????1993?????????????
??????????????????????
?????????? 1????????????
??? 87??????????????87, 300?
????Suzuki, O., Aoki, M. and Kimura, K. (1998). Twin 
production by embryo transfer in Japanese Black-
Holstein Crossbred Cows. J.A.R.Q., 32, 131-138.
????Tabata, M., Burioka, N. and Takeshima, T. (1999). A 48-
hour ECG study in migraineurs during usual daily 
activities. Yonago Acta Medica, 42, 61-68.
????Tabata, M., Takeshima, T., Burioka, N., Nomura, T., 
Ishizaki, K., Mori, N., Kowa, H. and Nakashima, K. 
(2000). Cosinor analysis of heart rate variability in 
ambulatory migraineurs. Headache, 40, 457-63.
????????????????????????1979a??
??????????????????????
?????????5, ????????????
???????????????????????
7, 21-27?
????????????????????1979b?????
???????? 2, 3 ???????????
?????????????????????
B24, 23-36?
????Tilley, J.M.A. and Terry, R.A. (1963). A two-stage 
technique for the in-vitro digestion of foragecrops. J. 
British Grassl. Soc., 18, 104-111.
?????????????1993????????????
??? ???????????????????3-
4.
?????????1996????????????????
???????????????????????
?????50, 515-520????????
??????????????????????????
??????????????1963???????
??????????????????????
????????26, 149-255?
????Tong, Y.L. (1976). Parameter estimation in studying 
circadian rhythms. Biometrics, 32, 85-94. 
?????????1987?????????????????
???????????288-307?
????????????????????????2004??
??????????????????????
???????????????180, 41-13 116.
????Vesce, F. and Scapoli, C., Giovannini G., Piffanelli A., 
Guerts-Moespot A. and Sweep F.C. (2001). Plasminogen 
activator system in serum and amniotic fluid of 
euploid and aneuploid pregnancies. Obstetrica Si 
Ginecologie, 97, 404-408.
????Vigier, B., Tran, D., Legeai, L., Bézard, J. and Josso, N. 
(1984). Origin of anti- Müllerian hormone in bovine 
freemartin fetuses. J. Reprod. Fertil. 70, 473-479.
????Williams, J.H., Anderson, D.C. and Kress, D.D. (1979). 
Milk production in Hereford cattle. 1. Effects of separation 
interval on weigh-suckle-weigh milk production estimates. 
J. Anim. Sci., 49, 1438-1442.
????Wrenn, T.R., Bitman, J. and Sykes, J.F. (1958). Body 
temperature variations in dairy cattle during the 
estrous cycle and pregnancy. J. Dairy Sci., 41, 1071-
1076.
????Yarney, T.A., Rahnefeld, G.W., Parker, R.J. and Palmer, 
W.M. (1982). Hourly distribution of time of parturition 
in beef cows. Canadian J. Anim. Sci., 62, 597-605.
?????????1982????????????????
???????55-58?
????????????? ??????????
??????????????????? ??
Mari AOKI
Summary
??The utilization of crossbred (Japanese Black X Holstein-Friesian) beef cattle as breeding cows is not well known, though this 
has increased with the increase in demand for beef cattle in Japan. In the first chapter, an examination was conducted to analyze the 
reproduction ability and the nursing performance in crossbred beef cows under grazing. First, the crossbred cows with their single 
calves were grazed without supplemental feed. The results indicated that crossbred beef cows had sufficient ability to nurse their 
single calves under grazing without supplemental feed and the performance of crossbred beef calf may increase on a pasture with 
nutritious grass, for example, perennial ryegrass. Subsequently, in order to analyze the ability of nursing the calf in a more elaborate 
manner, milk composition in the crossbred beef cows with suckling calves was estimated using the average of milk sampled before 
and after suckling. The milk composition in crossbred beef cows with calves was estimated by possibly using the averages of milk 
sampled before and after suckling irrespective of the number of weeks after calving. Based on these results, it was inferred that the 
crossbred beef cows were able to nurse twin calves. The aim of the next examination was to evaluate the nursing ability of the 
crossbred cows for twin and the effect of supplemental nutrition on grazing calves or their dams. It is suggested that supplementary 
concentrate food for twin calves with their dams under grazing is effective from the first month after parturition, and the supply of 
the concentrate is required for dams grazing in a pasture where supply of grass is inadequate.
??The crossbred beef cows producing twin calves were proved to be more effective and economical in productivity. However, 
twin pregnancies in cattle tended to result in a difficult parturition, and the loss rate of twin neonates was higher than that of 
singles. In the second chapter, we reported the difference in the characteristics of maternal vaginal temperature (VT), and 
attempted to analyze the physiological changes perinatal parturition of cattle, predicted the time of parturition using serial data 
of maternal VT, and its control by feeding management. We defined the time when the VT began to fall before parturition. We 
concluded that “same hours method” was useful for predicting parturition time in cattle with single and twin pregnancies by the 
serial measurement of vaginal temperature. In next paragraph, an experiment was conducted to analyze the physiological 
changes of parturition in cattle by collecting fetal blood and fluid via long-term catheterization in order to elucidate the 
interaction between the mother and her fetus. Our method of fetal cannulation would be beneficial, and the sample collected by 
this method was useful for endocrine study during the perinatal period in cattle. Subsequently, attempts to control the 
parturition time using the feeding management were undertaken for more proactive and convenient nursing at parturition. 
Seventy-nine percent of the cows, that were fed a proportion of the high-roughage diet, were calved at daytime under night 
feeding. We suggest that the time of parturition in most beef cattle was influenced by the feeding time and the diet composition. 
Moreover, our results implied that such cows as calved at night-time in spite of night feeding had lower temperatures.
??In conclusion, the crossbred beef cows have an adequate ability to nurse not only their single calf but also their twin 
calves under grazing conditions. The production of twin calves using crossbred cows provides an opportunity to increase both 
reproductive and economic efficiency. Apart from contributing to an understanding of the physiological changes in the late 
gestation on cattle, the results of this study are also useful in reducing work and trouble at parturition.
?Key words:?Crossbred Beaf Cow, Predicting Parturition, Night Feeding
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